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radiation environment in space 


Introduction 

In the last few years, data have been gathered which indicate that 
one of the major environmental factors which must be considered for any 
space vehicle is that of radiation. The radiation environment has been 
found to be an important consideration not only for those vehicles which 
carry a reactor on board for propulsion or power but for all vehicles 
since they will be exposed to the indigenous radiations in space (i.e. 
galactic cosmic rays, solar proton's, geomagnetically trapped .adiation) . 

Cn board reactor sources present, in general, a fixed source of 
radiation with the intensity of the leakage radiation being dependent 
upon the time profile of the power tut with the spectral, angular, and 
spatial distributions remaining more or less constant and determined to 
a la: degree by the geometry of the particular vehicle. Cn the other 

hand, the various components of the indigenous radiations are known to 
vary greatly in spectral, angular, and spatial distributions as well as 


in composition depending upon position and time. 

The purpose of this paper is to convey in simple terms the current 
picture of the important components (for space vehicle design) of the 
indigenous raciation fields in space, including galactic cosmic radia- 
tion, solar cosmic radiation (solar protons), and the geomagnetically 
trapped radiation both from natural origin and from the July 1962 high 


altitude nuclear detonation. 


a more or less 


constant (except 


Galactic Cosmic, l.ariiation 

Galactic cosmic radiation presents 
for solar modulation) environmental factor to which any space vehicle 
will be subjected. From high altitude balloon and rocket measurements 
over the last decade or so the particle composition of the primary radi- 
ation has been quite well determined. Also, using the earth's magnetic 
field as a momentum selector, the energy spectrum has been determined. 

The composition of the primary cosmic radiation which consists 
largely of energetic nuclei which have been stripped of their electrons 
has been found to be as follows ; /-y-> 85% hydrogen, 12% helium, 

in the carbon-nitrogen-oxygen group, 0.25% in the lithium-berylliu 

boron group, C.25% neon and heavier. High energy electrons const!, 

the remainder of the total flux. 


era 


:s or 


j-Kp 


cy ^articles extend from below 1C electron 


volts to as high a 

s about 10 

e lectron 

volts. All 

the charged 

compone: 

have been observed 

to exhibit 

energy sp 

ectra of the 

same form in 

the hi, 

energy region (E > 

- 3 Bev) , wh 

ich may be 

represented 

for a given 

2 by 


,V (y F\ = 

i\ \. ^ — i 


c 


2 

where N( E) is the flux in particles/cm -sec-ster with energy E, E 

is the energy per nucleon in Bev, "o is a constant which is inde- 
pendent of 2. (atomic number) and C is a constant. In the energy region 
between 300 Mev and 3 Bev the various components seem to have similar 
spectral forms when expressed in terms of magnetic rigidity while at 
energies below 300 Mev the spectral form is Questionable. 


The angular distribution of the galactic cosmic rays has been found 

-i 

to be isotropic. With the total flux being about 2 cm “-sec at solar 

-2 -1 

maximum and about 4 cm -sec at solar minimum. The galactic cosmic 
ray intensity has been shown to undergo modulations which may be cor- 
related with solar activity. One such modulation is that connected with 
11-year solar cycle. The correlation, here, with solar activity is a 
negative one - that is, the cosmic ray intensity decreases as solar 
activity increases. As indicated, above, a variation in flux of about 
a factor of 2 is observed over the solar cycle. In addition to the 11- 
year cycle modulation the galactic cosmic ray intensity is subject to 
rather sudden decreases. These short term changes are called Forbush 
decreases and may be correlated with large magnetic storms. These de- 


creases which usually occur at times of high 


lUx 


ictivity result in 


a 2 5% to 30% decrease in the already reduced intensity. In b: ~h types 
of modulations it is principally the lower energy particles which are 
affected . 

Since the primary cosmic particles apparently originate for the 
most part from sources external to our solar system and are observed 
to be isotropic it is obvious that they should be expected to present 
essentially a constant environment for a space vehicle regardless of 
its location. Fortunately, however, the intensity of the radiation is 
so small that it does not deserve any great concern from the point of 
view of radiation damage to components or materials and perhaps only 
limited concern as far as man is concerned at lease for short missions. 


the energy flux at the vicinity of the earth over 21 T ster; 


ins i 


,.,-d -2 -1 

7 10 ergs-crn -sec 


:he energy density being •'•'-0.6 ev/cirf’, 


about that of starlight. 

It is indeed fortunate that the flux of these oar tides is not 


laro-e since the 


aeamst 


Lr very high energies make them very difficult to shield 


Solar Co.- sic Radiation 

Another type or radiation environment which one would apparently 
encounter tnrougnout the solar system is the solar cosmic radiation or 
"solar protons." These names are used to describe the large fluxes of 
energetic particles which are observed to reach the vicinity of the 
earth j.o blowing a portion or the intense solar flares which occur on 
the surface cf the sun. 

v.'nile tne galactic cosmic radiation has been known and studied for 
many years the soiar cosmic radiation was discovered less than 20 years 
ago and has been studied in detail only for the last 7 years. Such stud- 
ies have utilized ground level neutron and radio absorption measurements 
as well as measurements made on high-altitude balloons, satellites and 
space probes. 

ihe particles observed ro __ wiry a solar outburst are predominantly 
protons whose energies extend to as high as several lev in some cases - 
hence, the name "solar protons." m each event, however, particles 
heavier than protons appear to be present. The relative number of 
heavier particles (mostly alpha particles) varies greatly rrom event to event 


4 


£ iqure i snows tne time or occurrence and the relative magnitude 

or ■ l'-j solar proton events during the years 1956 through 1951 which ex- 

. _ 6 2 
nibiteo an integrated intensity or greater than 10 protc rs/cm for 

energies greater than 30 Kev. The figure is based on data given in 
Reference 1. There are several observations which may be made from 
this figure. The sporadic nature of the time interval between events 
is notable with the "bunching" or events being the result of several 
outbursts originating in the same active region on the sun. As a matter 
of fact, tne events shown represent only 16 active regions with 90 percent 
Or tne solar cosmic rays during one six year period having originated 

m only four of those regions. Also of interest is the fact that ' none 
of the largest events occurred during the years of solar maximum (1957-58) 
out , instead , occurred on either side or she maximum particularly on the 
decreasing side. Notable is the relatively long period between the 
occurrences of active centers which have produced such large events. 

Since the length of time over which detailed observations have been 
made is small and the statistics are few, it cannot be said with any de- 
gree of certainty that the largest events which are possible have been 
observed . Also, it is obviously improper to correlate size or frequency 
or events with sun spot cycles when one considers that detailed obser- 
rions have been made c 
Figure 2 (taker, ::rc 


out one sue n cycis. 

Reference 1) shows the yearly integrated inten- 


sities or solar parcicles above 100 Hev as well as 30 Mev comoared with 
the total year ly integrated inter, sit ites of galactic particles. It is 
obvious tnat tr.e large events constitute the major part of the flux. 


Solar proton events are characterised, in general, by a relatively 
rapid rise to maximum intensity followed by a slower decay. However, 


the time constants associated with these char act 


'istics alone; with the 


time rrom tne r la.re occurrence to the arrival of particles vary from 
event to event and with energy. The delay in particle arrival as well 
as the rise time may vary from a few minutes for high energy particles 
in one event to many hours for low energy particles in another. The 
decay in intensity may be represented (?.ef . 2) by an expression of the 


lorm 


e ) * J W , K ( e ) e 


where 1(E) is the intensity at time, t after I (E) of oar tic les having 
energies greater than E, and t.., is the ’’decay time" which is a function 
of energy, E, and varies from event to event. The decay time may range 
from 3-4 hours for high energy particles in one event to 2-3 days for 
low energy particles in another. 

Since the decay time, the delay time for particle arrival, and the 
rise time are functions of energy it is obvious that the energy spectrum 
for a 0 _ven event must change with time. Indeed, the spectrum does vary, 
becoming softer and softer with time throughout an event. 

A spectral and intensity variation for a "typical" large sol.... 
flare event has been proposed by Dr. D. K. Eailey (kef. 3). This hypo- 
thetical solar proton event represents an attempt at correlating con- 
tinuous radio observations with direct ballot. _ satellite, and rocket 
. A cross plot of bailey's flux versus energy . :ves 


observations 
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quency and Intensity of Solar Cosmic Radiation Events 
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NTEGRAL FLUX (PROTONS/cm^-SEC-STER) 
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Figure 3. Spectral Characteristics of Bailey's "Typical 







(.time as 


3. me 


•) arc shown ir. Figure 3(a) in the fora of 


integral 


flux as a function of time with energy as the parameter. The dashed 
portion of the curves represent extrapolations in time beyond that giver 
by Bailey. Many of the typical characteristics discussed earlier are 
illustrated by the curves. The totally dashed curve represents a curve 
derived by Fichtel, Guss, and Cgilvie (Ref. 4) to envelope the highest 
fluxes greater than ICO Kev which have been experimentally observed for 
solar proton events to date and is i- led for comparison with the 
Bailey "typical" event. The time integrated integral and differential 
spectra derived from the curves in Figure .3(a) are shown in Figure 3(b ) . 

Many persons not close to the problem appear to be of the opinion 
that since the solar protons originate at the sun they must arrive from 
the direr -Ion of the sun. The evidence to date indicates that this 


>ic! 


is incorrect since for th 


:;.0 Si- (JU* L. , 


.a ^articles arrive 


tropically. It appears, however, (Ref. 5) that in some cases the flux 
is anisotropic for the first 1-2 hours after which it becomes isotropic. 
In all such cases probably less than 20 percent of the radiation dose 
arrives during the period of anisotropy. 

Then one considers the total flux greater than 30 Kev (corresponding 
to range of 1 g.m/cm ) given in Figure 2 for the period from 1956 through 
1961, he must conclude that the radiation effects problem from solar 
protons for most items internal to the spe.ee vehicle other .than humans 
may be quite small since this total flux is just about the level for 
obtaining significant damaae in the most sensitive semiconductor devices 


7 



(i.e. solar cells). Unfortunately, insufficient data have been obtained 
on the energy spectrum at low energies to allow an accurate determination 
of the effects on such sensitive items external to the vehicle. 

I 

Geomagneticallv Trapped Radiation 

I 

The radiation in space which appears to present by far the most 
difficult problem from the radiation effects viewpoint and is of the 
most immediate concern is that which is trapped in the magnetic field 
of the earth, jlncluded are the protons and electrons which constitute 
the natural Var^ Allen belt along with the electrons injected as a re- 
sult of the July 1962 high-altitude nuclear detonation. 

Natural Radiation Belt - The natural geomagnet ically trapped radi- 
ation was first detected by the instrumentation on the Explorer I. 
Subsequently, it has been studied by the use of radiation detectors on 
virtually all the succeeding satellites. 

This radiation consists of charged particles (protons and electrons) 
trapped along the lines of force in the earth's magnetic field. The 
early picture (Ref. 6) of the trapped radiation was as shown in Figure 4. 
where the contour lines represent the counting rates obtained with Geiger 
counters flown in Explorer IV and Pioneers III and IV. The picture was 
of two belts extending in doughnut fashipn around the earth with the 
inner belt being composed of both protons and electrons and the outer 


belt predominant. 

Over the cc 
the picture has 


ly of electrons. 

urse of time as a result of numerous space experiments, 
evolved into the one illustrated in Figure 5 (based on 

f 


8 . 
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Figure 4. Early Picture of Natural Radiation Belts 


Reference 7 ) » Here, each of the components illustrated extends over 
both hemispheres and must be rotated about the vertical axis to give 
the three dinensional picture. The data on the right for protons greater 
than 30 Mev und electrons greater than 1.6 Mev are seen to correspond 
with the picture given in Figure 4. However, it is seen that when one 
considers the data presented on the left for protons between 0.1 Mev and 
5 Mev and for electrons greater than 40 Kev, it is no longer proper to 
speak of two distinct belts having different particle compositions. 
Indeed, it is apparent that the two belt concept came as a result of the 
high threshold of the detectors used. 

The charged particles which are trapped in the magnetic field spiral 
along the lines of force with one of the constants of the motion being 
represented by 


— r &9 - constant 

H Ho 

where 0 is the angle between the particle velocity and the line of force 
and H is the field strength with the subscript, o, referring to the 
equatorial plane. As the particle travels in a spiral about the magnetic 
field line toward higher latitudes, it travels into a converging field 
resulting in an increase in H and, hence, an increase in pitch angle, ©. 
When © reaches 90 degrees the particle is reflected, again spiraling 
about the line of force until reaching the corresponding point in the 
opposite hemisphere where it is again reflected. It is seen that the 
smaller the pitch angle in the equatorial plane, the deeper into the 


9 . 
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Figure 5. Present Picture of Natural Radiation 






atmosphere will be the point of reflection (mirror point). Consequently, 
those particles having small pitch angles will be absorbed leaving the 
radiation at all points peaked in the directions perpendicular to the 
lines of force with the peaking more pronounced at high latitudes. 

Since the earth's magnetic field has a gradient across the lines 
of force as well as along them, there exists a particle drift in longi- 
tude. This drift, to the east for negatively charged particles and to 
the west for positively charged particles, is caused by the change in 
the radius of curvature of the particle motion along a single rotation. 
This being the case, regardless of the point of injection, in time the 
radiation spreads around the earth. 

In carrying out this motion, the particle will remain along lines 
of force exhibiting field strengths corresponding to those along the 

j 

original line. Since the earth's magnetic field is not a true dipole, 

j 

the particles will vary in altitude as they circle the earth and con- 
sequently the altitude of the bottom of the radiation belt will be a 
function of | longitude. This variation which is often neglected when 
determining the radiation to which a vehicle will be subjected is shown 
in Figure 6 (taken from Reference 8 ). Here the geographical latitude 
and longitude for the geomagnetic equator are shown with the altitudes 
of the belt bottom in the geomagnetic equatorial plane. It is seen that 
a variation of as much as A^lOOOKra exists in the altitude of the belt 
bottom from one longitude to another. This could result in a signifi- 
cant error if not considered. As a result of the expansion of the 
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EAST LONGITUDE (Degrees) 


LATITUDE (Degrees) 



Figure 6. Location of Bottom of Natural Radiation Belt 



atmosphere from increased heating during solar maximum, the height of 
the belt bottom also varies with time. 

The only practical way which has been developed (Ref. 9) for con- 
sidering the variations in the earth's field is to represent both the 

' 

spatial distribution of the radiation and the vehicle trajectory in the 
"natural" geomagnetic coordinates, B and L, where B is the magnetic 
field strength and L designates the magnetic shell on which the particle 

I 

travels as it drifts in longitude. Numerically, L is equal to the dis- 
tance from the earth's center (in earth radii) to the shell if the field 
were an ideal; dipole. 

The two belt concept does persist with a different distinction be- 
tween the belts than in the original case. The distinctive characteristic 
of the inner belt is its stability with time whereas the outer belt under- 
goes orders of magnitude changes in intensity within times of the order 
of days or even hours. An L value of about 2 seems to form the dividing 
point between the belts. 

The energies of the trapped protons extend to hundreds of Mev. 
Measurements have been made of the spectra of the penetrating protons 
in the inner zpne. Freden and White (Ref. 10) found the proton spectrum 
between 75 Mev and 700 Mev at altitudes of "W000 to 1200 Km. and L : 1,4 
to be of the form 


N (f p ) d fT * K bp"' dF 


where K is a constant and the proton energy. This expression has 


11 


received wide usage. At lower energies (<^100 Mev) , the spectrum has 

been found by Naugle and Kniffen (Ref. 11) to become systematically 

. | 

softer with increasing L. Mcllwain and Pizzella (Ref. 12) have since 

analyzed Explorer IV data to obtain an expression for this variation 

| 

which fits othe|r measurements reasonably out to L ££8. The expression 


j 

! 


N(e F ue 


(constant) Q 



with 


£\ a (3 06 -28) L Mev 


The shape of the Freden and White spectrum is compared in Figure 7 
with the integrated spectrum from the Bailey "typical" flare. It is 
noted that the trapped protons exhibit a much harder spectrum than those 
resulting from solar flares, thus, presenting a much more formidable prob- 
lem where shielding is required. 

Very little is known about the energy spectrum of electrons in the 
region of the inner belt (L <2). Several measurements have been made at 
low altitudes but the agreement is not good. This situation is not ex- 
pected to improvis soon since the natural radiation is now masked by the 
presence of the Artificial electron belt which will be discussed in the 
next section. 

A goodly number of measurements have been made of the spectrum of 
the outer belt electrons. However, it is impossible to speak of any one 
spectral shape as the spectrum because of the large temporal variations 
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DIFFERENTIAL NUMBER FLUX (RELATIVE UNITS) 


Figure 7. Spectral Shapes of Solar and Trapped Protons 



PROTON ENERGY (MEV) 
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which are encountered. One spectral shape obtained by O'Brien et al 
(Ref. 13) is compared in the next section (Fig. 10) with that of the 
artificial belt of electrons. 

The naturally occurring trapped electrons are, for the most part, 
low enough in energy so that they are readily stopped with only the re- 
sulting bremsstrahlung radiation presenting a radiation hazard internal 
to the vehicle. The protons, however, exhibit a relatively flat spec- 
trum and can present a problem internal as well as external to a space 
vehicle. As is the case for solar protons, the low energy spectrum is 
not well enough known to allow an accurate prediction of the effects on 
sensitive components such as solar cells external to a vehicle. 

Artificial Radiation Belt - On July 9, 1962 a nuclear device was 

| 

detonated at high altitude over Johnson Island in the Pacific. This 

j 

explosion (code named Starfish) produced a belt of electrons which, 
trapped in the same manner as the particles in the natural belt, en- 
circled the earth. 

! 

The spatial distribution of these particles at a time about one 
week after the explosion was according to Hess (Ref. 15) as shown in 
Figure 8 . Here the contours of the artificial belt are shown along with 
those for the high energy naturally occurring protons for comparison. 

The peak fluxes are seen to be higher than those for the natural electron 
belts (See Fig. 5) . 

It is noted from Figure 8 that the high intensity regions of the 
artificial belt extended to considerably lower altitudes than do those 
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of the natural belts, resulting in a hazard to vehicles which were de- 
signed to fly in orbits which were free of significant radiation problems 
This hazard is illustrated in F ieure 9 which shows the flux contours at 
ia of 4<JQi EGm (GEef. 157. Here we see substantial fluxes of 

particles at an altitude which previous to the Starfish explosion was 
essentially free of significant radiation hazards. The high fluxes at 
this altitude are a result of the South Atlantic anomaly in the earth's 
magnetic field. 

\ 

The spectrum of the electrons generated by the bomb should be essen- 
tially that of electrons from the fission of This spectrum has 

been determined (Ref. 16) to be given by 

-0 .S7SE- O.OSS-g* 

N(£) = 3.88 e 

for E between 1 and 7 Mev. Figure 10 is a comparison of this spectrum 
with that measured in the outer natural electron belt by O'Brien et al 

J 

(Ref. 13). The relative intensities in the plot have no meaning. It 
is seen that the electrons in the artificial belt are, on the whole, 
much more energetic ranging to as high as 6 or 7 Mev and, hence, more 
penetrating. 

The results of calculations, by the author, of the dose due to 

penetrating electrons and bremsstrahlung behind aluminum shields for 

2 

an incident fission electron spectrum normalized to one electron/cm 
incident are shown in Figure 11 . It is seen that the penetrating elec- 
trons constitute the major portion of the dose for shield thicknesses 
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Figure 9. Flux Map for Artificial Electron Belt at 400 Km Altitude 
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ELECTRON ENERGY (MEV) 
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DOSE (RAD PER ELECTRON/cm 2 ) 




less than 3 1/2 gm/cra with the major radiation hazard being from brem- 

sstrahlung for greater thicknesses. It is also seen that most of the 

1 2 2 

bremsstrahlung is produced in the first 1 gm/cra .Roughly 10 gm/cm of 

lead are required to reduce the bremsstrahlung dose by a factor of e. 

Estimates of the fluxes of electrons and protons to be encountered 

o 

by vehicles traversing circular orbits at 30 inclination as a function 
of altitude were made (Ref. 17) using a B, L coordinate code and inte- 
grating over the trajectory. These data based on the intensities one 
week after Starfish are shown in Figure 12 . Using these data along 
with those shown in Figure 11, one finds that significant integrated 
levels can be obtained internal as well as external to a vehicle over a 
long duration mission such as might be the case for a space station; 

The artificial belt has, of course, decreased in intensity since the 
data shown in Figure 12 were obtained. 

The above discussion has been based on the artificial belt intensities 

l 

one week after sjtarfish. The same picture, of course, does not prevail 
today and today's picture will not prevail in subsequent years. A con- 
siderable amount of decay has taken place in some regions of the belt 
and not so much in others. Indications are that the belt might be in- 
significant by tqe time the next solar maximum is reached. 


Vehicle Mission Environment 


The precedihg sections have discussed the environment external to 
the space vehicle. The radiation environment internal to the vehicle is 
also of interest. 
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ELECTRONS/cm 2 -DAY 


Figure 12. Trapped Radiation Fluxes Encountered in Satellite Orbits 
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PR0T0NS/cm 2 -DAY 








The internal radiation environment depends upon both the penetrating 
capability of the radiation and the vehicle mission. Most future missions 
may be categorized, in a broad sense, into groups based on the nature of 
the radiation environment which will be encountered. In this section 
several such categories are considered, in a quite general manner, to 
establish the relative magnitude of the radiation levels from the various 
sources as a function of shielding thickness. The curves which are pre- 
sented should be considered only as approximations to the levels and 
should not be taken as definitive. The artificial electron belt is not 
inc luded . 

Interplanetary Missions - The radiation environment for inter- 
planetary missions will depend to a large extent upon the manner , in which 
the missions are carried out. Consequently, these types of missions are 
divided into two categories for consideration of the radiation problem. 

The first category involves those missions which are characterized by 
high thrust, rapid traversal of the Van Allen radiation belt. The second 
category, on the other hand, is representative of missions accomplished 
with low thrust vehicles, such as those utilizing electric propulsion, 
which spiral slowly through the region of trapped radiation. Curves of 
radiation intensity as a function of shield thickness for each component 
are shown for these categories in Figure 13 . The intensities are given 
in rads at the surface of a low Z material. 

It is seen that the radiation problems encountered in these two 
categories differ. In the high thrust case, the problem is primarily 
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Figure 13. Radiation Environment for Interplanetary Missions 





that resulting from solar protons while in the case of the low thrust 
trajectory the trapped radiation presents the major problem. The dif- 
ference, of course, arises not through any difference in the solar 
proton or galactic cosmic ray environments but from the difference in 
exposure time in the Van Allen belt. 

| Another source of radiation which may be a factor in interplanetary 

missions but has not been included in the above considerations is the 

I 

| existence of radiation belts surrounding other planets. 

I Orbital Missions - The nature of the radiation problem for orbital 

| missions in the region occupied by the natural trapped radiation belt is 

i 

i 

! indicated in Figure 14 . Here, the missions may be divided into two 

general categories Cl) those utilizing equatorial orbits and (2) those 

j 

calling for polar orbits. The curves in Figure 14 are based on a one 
year period. Contracting or expanding this period would only change the 
absolute magnitude of the components. The shaded areas indicated for the 
Van Allen belt radiation are representative of the variation of intensity 
over altitudes from ^900 to ^--7500 Km. 


The Van Allen belt is seen to present the major problem for these 
missions. The chief difference in the radiation environment for the 
polar orbit as opposed to the equatorial orbit is the disappearance of 
the solar proton radiation in the latter case. This, of course, is due 
to the shielding afforded by the earth's magnetic field, as -is the vari- 
ation noted for the galactic cosmic radiation. 

Naturally, all orbital operations need not be in the regions between 


900 and ^^7500 Km, For orbits at higher altitudes the shielding 
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Figure 14. Radiation Environment for Vehicles Orbiting in Van Allen Belt 






problem slowly approaches the case illustrated in Figure 13(a) while 

those at lower altitudes approach those shown in Figures 14(a) and 14(b) 

- 

with the Van ; Allen component removed. 




Cone lusions 

It is obvious that regardless of its mission any spacecraft will be 
subjected to a radiation environment. Since the geomagnet ically trapped 
radiation is confined to a relatively small region of space which can be 
rapidly traversed by high- thrust vehicles, it presents the principal 
radiation problem only for vehicles orbiting in that region or for low- 
thrust vehicles spiralling out through the region. However, the radiation 
environment presented to such vehicles is the most severe that will be 
encountered as a result of. the indigenous radiation. 

The solar cosmic radiation which is the dominating radiation environ- 
ment for deep space vehicles which traverse the trapped radiation belts 
rapidly is still not completely defined or understood. The short period 
of time over which these events have been observed does not allow complete 
confidence in statistical treatment of the problem which must be used or 
in the maximum possible size of future events. The definition of this 
environment as well as that of the geomagnet ically trapped radiation 
will doubtlessly undergo several more perturbations before final under- 
standing is achieved. 

The galactic cosmic radiation is the most well defined of the 
natural radiation components but, as would be the case, presents little 
or no problem from the radiation effects point of view. 
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The artificial electron belt which resulted from the July 1962 
high-altitude nuclear detonation has from the time of formation until 
now presented a severe radiation environment in an area which previously 
was practically free of all radiation. Decay of the belt, however, is 
taking place continually so that its presence will become less and less 
important . 

In general, it can be said that the major radiation effects problems 
from the indigenous radiations in space will be with items on or near the 
surface of vehicles. Unfortunately, insufficient data have been gathered 
on the low energy spectra of the various components to make an accurate 
assessment of such problems possible at this time. 
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